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Résumé de l'article In a study of resistance to powdery mildew, we investigated three populations of Hordeum spontaneum using leaf segment test. For comparison of the reactions, we used 44 barley lines as differentials representing most of the resistance used in barley breeding. The H. spontaneum accessions were infected with 21 isolates selected for their reactions on the differential barleys. The results of H. spontaneum collections did not show any similarities with differential barleys used. Resistance reactions were very rare. There was no resistance to 13 out of the 21 isolates. Horizontal resistance was noticed in most of H. spontaneum lines.
INTRODUCTION
Powdery mildew caused by Blumeria graminis f. sp. hordei Em. Marchai is one of the principal foliar diseases of barley (Hordeum spontaneum L.) in Europe and Turkey. This disease has been controlled in Europe by the use of host résistance gènes and of fungicides. In order to hâve résistance to the disease, varieties with race-specific résis-tance gènes hâve been regularly introduced since early sixties (Lôwer et al. 1997) . Generally, the most extensively used résistance gènes hâve remained effective for only a few yr until an increase in the frequency of corresponding virulence gènes of the pathogen was observed, then the varieties with the résistance gènes in question became increasingly more susceptible to powdery mildew (Brown and Joergensen 1991; Fischbeck and Jahoor 1991; Jahoor and Fiscbeck 1987a; Jiang et al. 1984; Moseman et al. 1985) . On the other hand, natural populations of wild progenitors of crops hâve coevolved with their parasites in the origin, so they hâve been regarded as potentially valuable sources for disease résistance, due to continuous assaults by the plant pathogens. In order to improve the stratégie use of résistance, it is necessary to find a new résistance gène in wild barley populations (Jahoor and Fischbeck 1987a; Nevo 1986; Nevo et al. 1979) . Wild barley is abundant and widespread over many régions in Turkey (Braun and Turgut 1995) and is an important source for résistance to obligated parasites (Jahoor and Fischbeck 1987b; Moseman and Joergensen 1973; Segal et al. 1987) .
Large number of Hordeum spontaneum accessions collected from natural populations in Israël were studied and it was reported that many of them were either résistant or showed low infection to field infection by powdery mildew in Germany (Fischbeck et al. 1976) . Jahoor and Fishbeck (1987a) searched résistance gènes in 42 barley lines derived from the F 7 génération of crosses, between barley cultivars and différent accessions of H. spontaneum collected in Israël and concluded that natural populations of H. spontaneum formed a large pool for mildew résistance which has not been used yet against virulence gènes of powdery mildew (Bothmer and Joergensen 1986) . Emiralem population: The popu-lation was along Emiralem-Manisa highways side slope, nearby Gôktepe Village. The area of population was 1 m x 130 m and altitude 40 m.
Differential set of monogenîc résistant barley lines
Pallas near isogenic lines of barley (Koelster et al. 1986 ) and other lines from Ris0 National Laboratory, Denmark, were used as a differential set for comparison with the résistance reaction of the wild barleys. In addition, we included 14 lines with résistance derived from H. spontaneum collected in Israël (Jahoor and Fischbeck 1987b).
Fungal material
Ten test isolâtes of Blumeria graminis f. sp. hordei provided by J.H. J0rgens-en, six isolâtes produced from cleistothecia ofthe pathogen and five isolâtes from three pathogen populations examined in this study were used for differentiation. Thèse test isolâtes were selected according to their infection types (Table 1) to the differential barley set (Table 2) .
Résistance test
Test isolâtes were used to identify ré-sistance in wild barley populations. The leaf segment test was carried out using detached primary leaf segments of 10 d old H. spontaneum seedlings. Primary leaves of young barley plants were Inoculations were performed at a stérile clean bench using a settling tower (tin cylinder diam 180 mm, 300 mm height, open at one side) with a small hole close to the upper side of the tower. This cylinder was put over an opened Pétri dish containing 26 line segments.
Through the hole at the upper side of settling tower one segment with one single spore colony was held and its conidia were blown into the tower. There the conidia could settle down in still air on the leaf segments. After incubating the closed Pétri dishes for nine d under standard conditions, the leaf segments were evaluated for infections. If any mycélium were visible on leaf segment of the control variety, we assigned this as a successful infection, indicating the présence of the respective virulence factor in the tested isolate.
The reactions were evaluated according to infection types as described by Welz (1986) (Table 1 ). The list of the barley lines that had been used as dif- For the identification of the infection, the infection assesment was transformed into a binary code (Habgood 1970) . Infection types 3 and 4 (compatible) were transformed to 1, while the rest were transformed to 0. Comparing thèse infection reading with Table 3 , we inferred which résistance gènes were effective most probably in the wild barley plants.
RESULTS AND DISCUSSION
When accessions of H. spontaneum from three différent locations in Turkey were inoculated with isolâtes of B. graminis f. sp. hordei, it was found that the progenies were susceptible; slow mildewing occurred frequently. The reaction pattern of ail H. spontaneum accessions was clearly différent from reaction of the known gènes for mildew résistance included in this study. Our infection data confirmed that the résis-tance factor(s) in wild barley were nonspecific for the pathogen. Since the majority of the H. spontaneum accessions showed distinctive variation in résistant reaction types against mildew cultures, the study did not support the assumption that différences in résistant reaction types against distinct mildew cultures are sufficient to indicate the présence of supplementary gènes for mildew résistance in a given génotype of the host. The natural population of H. spontaneum in Turkey is regarded as a large gène pool for powdery mildew that is not yet used in cultivated barley. Il has been concluded that H. spontane- um may be a useful genetic resource for breeding résistance to powdery mildew.
Only few résistance reactions to the test isolâtes could be observed. None of thèse reactions were identical with the reactions on the differential barley Unes, suggesting unknown résistance alleles were présent. The H. spontaneum samples showed a reduced number of colonies compared with the susceptible control Manchuria. The infection of wild barleys was also slowed down significantly, with the assessment having to be done 14-16 d after inoculation, instead of 8-9 d with commercial varieties.
After 14-16 d of incubation, few résis-tance reactions indicate some major gène reactions, which are most likely unknown résistance gènes. Even résis-tance reactions like those derived from Israeli H. spontaneum collections could not be found, indicating a différent coevolution in Israël and Turkey. Thèse résistant reactions from Israël H. spontaneum showed important différences mainly in comparison with the fréquent susceptibility found in the Turkish samples. Neither the corresponding résis-tance to the virulence found in the mildew tests from cleistothecia of populations were detected nor any other résistance from the large differential set of barley lines.
The observations of delayed infection and reduced colonies clearly indicate the présence of horizontal résis-tance in thèse wild barley populations. The assessment of leaf segment test was delayed compared with the control variety, Manchuria under the same conditions due to slow infection and growth of the colonies. The reduced number of colonies was clearly visible, but due to the high infection density, an exact quantification was impossible. For assessment of horizontal résistance it may also be better to use seedling test rather than leaf segment test in which the leaves decay rapidly when incubated for more than 2 wk.
Wild plant populations are probably protected from the severe effects of parasite attacks by their genetic diversity in relation to the various forms of résistance and tolérance.
One possible hypothesisforthe prés-ence of a high amount of horizontal résistance and its advantage may be the climatic conditions that thèse populations expérience. The végétation period of wild barley in this région is very short, only about 10 wk. During this period, there are about 5-6 wk of favourable conditions for powdery mildew, due to increasing températures at the end of April. This means that only a very limited number of générations with limited amount of offsprings can be produced successfully, which may be enough to avoid a mildew épidémie. Horizontal résistance to local isolâtes is more stable under sélection than vertical résistance. Because of this reason, horizontal résistance may be a better defence strategy under the ecological conditions in wild barley growing areas in Turkey.
In conclusion, horizontal résistance can be effectively used to barley breeding programs. There are no crossing barriers between cultivated barley and H. spontaneum and they also share the same genome» (Bothmer and Joergensen 1986 ).
Furthermore, this présents plant breeders with particular difficultés when deploying new sources of résis-tance. In the future, it will be interesting to observe the effect of horizontal résis-tance on sélection for common virulences. The area of barley varieties with horizontal résistance can be increased rapidly.
